Background Laparoscopic surgery for colorectal cancer has been shown in clinical trials to be effective regarding short-term outcomes and oncologically safe. Health economic analyses have been performed early in the learning curve when adoption of laparoscopic surgery was not extensive. This cost-effectiveness analysis evaluates laparoscopic versus open colorectal cancer surgery in Swedish routine care. Methods In this national retrospective cohort study, data were retrieved from the Swedish ColoRectal Cancer Registry. Clinical effectiveness, resource use and unit costs were derived from this and other sources with nationwide coverage. The study period was 2013 and 2014 with 1 year follow-up. Exclusion criterion comprised cT4-tumors. Clinical effectiveness was estimated in a composite endpoint of all-cause resource-consuming events in inpatient care, readmissions and deaths up to 90 days postoperatively. Up to 1 year, events predefined as related to the primary surgery were included. Costs included resource-consuming events, readmissions and sick leave and were estimated for both the society and healthcare. Multivariable regression analyses were used to adjust for differences in baseline characteristics between the groups. Results After exclusion of cT4 tumors, the cohort included 7707 patients who underwent colorectal cancer surgery: 6060 patients in the open surgery group and 1647 patients in the laparoscopic group. The mean adjusted difference in clinical effectiveness between laparoscopic and open colorectal cancer surgery was 0.23 events (95% CI 0.12 to 0.33). Mean adjusted differences in costs (open minus laparoscopic surgery) were $4504 (95% CI 2257 to 6799) and $4480 (95% CI 2739 to 6203) for the societal and the healthcare perspective respectively. In both categories, resource consuming events in inpatient care were the main driver of the results. Conclusion In a national cohort, laparoscopic colorectal cancer surgery was associated with both superior outcomes for clinical effectiveness and cost versus open surgery.
. Robotic rectal cancer surgery has been associated with lower conversion rate, 1 day shorter hospital stay and longer operating time compared to laparoscopic surgery according to a large database study [10] . However, the only large randomized trial found no significant differences in conversion to open surgery, short-term surrogate oncological end-points, complication rates or health-related quality of life within 6 months [11] .
Laparoscopic and robot-assisted laparoscopic surgery face higher cost for basic surgical equipment and instruments, and longer operating time than open surgery [12] [13] [14] [15] . However, it has been reported that higher up-front costs can be offset by shorter length of hospital stay and less time in the intensive care unit [16, 17] . Several cost studies have been conducted in the setting of randomized controlled trials early in the learning curve of laparoscopic surgery for colorectal cancer [12, 13, 15, 18] . It can be expected that with increased experience, resource utilization will decrease. In addition, costs vary by the degree of uptake of laparoscopic technique, in regions/hospitals with high uptake costs were lower, as was demonstrated in a retrospective database study of some 1400 Australian patients treated at public hospitals [17] . In Sweden, the uptake of laparoscopic surgery for colorectal cancer was 5-10% in 2007 and 20-25% in 2014, according to the Swedish Colorectal Cancer Registry SCRCR [19, 20] .
The aim of this study was to evaluate the cost-effectiveness of laparoscopic versus open surgery in colorectal cancer using national registry data.
Methods

Study population
All patients with a diagnosis of colorectal cancer with subsequent surgery during 2013 and 2014 registered in the SCRCR were included. The only exclusion criterion was preoperatively staged T4 cancer based on the fact that there is a higher risk for selection bias to open surgery in more advanced tumors. During 2013, the SCRCR did not indicate if the index procedure was performed using robotassisted laparoscopic technique. To be consistent, we chose to include robot-assisted operations during 2014 in the laparoscopic group. Patients were followed for 1 year after index surgery using data from the Swedish National Board of Health and Welfare retrieving data on readmissions and resource consuming events in inpatient care, such as reoperations, and data on deaths from the Cause of Death Registry and sick-leave from the Swedish Social Insurance Agency. The study protocol was approved by the local ethics committee (Dnr 661-16).
Health economic methodology
This study evaluates costs from two perspectives: society (including cost of production loss due to sick-leave) and the healthcare sector alone. Health economic evaluation methods compare the incremental cost to the incremental health benefit of a treatment [21] . The benefit is expressed as the clinical effectiveness of a treatment. In this study, a composite clinical end-point was chosen as the measure of effectiveness.
Accounting for censoring because of death or loss to follow-up provides unbiased estimates of cost [22] . This study applied the method proposed by Bang and Tsiatis [23] in which data is partitioned into smaller time intervals and then each observation of cost is weighted by the inverse probability of the observation being censored. As a result, observations of cost with high probability of being censored are weighted greater than otherwise.
Costs are expressed in 2016 USD, SEK was converted from using purchasing power parity from OECD [24] .
Effectiveness measure
The outcome measure used was defined as a composite end-point comprised of three types of clinical events: resource consuming events in inpatient care, readmissions and death.
Events were scored with one point each to calculate the outcome variable. Resource consuming events in inpatient care included events such as surgical procedures for example stoma closure or reoperation for wound dehiscence, transfusions, as well as rectoscopy. A readmission was defined in this study as a resource consuming event in inpatient care without a specified event recorded in the National Patient Registry.
For the initial 90 days after index surgery, every clinical event was counted (one point each), regardless of underlying cause. From day 91 and up to 1 year after index surgery, only procedure-related events were counted. To define procedure related causes for readmissions and deaths, two colorectal cancer surgeons (EA and EH) independently selected diagnoses using ICD10-codes. Procedure-related causes for resource-consuming events in inpatient care were determined before data collection using NOMESCO (Nordic Medico-Statistical Committee, version 1.16) chapters. If disagreement occurred, it was resolved by including the diagnosis or procedure as related. In sensitivity analyses, all events from index surgery up to 1 year were included. The list of predefined procedure-related events can be found in online supplementary material.
Resource use and unit costs
All resource use in this study was measured and valued using gross-costing [25] . It implies that the resource use associated with surgical technique is broken down into relatively large factors, e.g. resources consumed per average episode of inpatient stay associated with a certain NOMESCO-code. Thus, it was assumed that only the type and frequency of resource consuming event and readmission, differed between surgical techniques, not the exact amount of resources consumed during each event.
Resource-consuming events in inpatient stay, including the index operation, was costed by collecting the type of event (NOMESCO-code) and frequency from the National Patient Registry. Then, the corresponding unit cost was collected from a national database (Swedish Association of Local Authorities and Regions) covering approximately 75% of Swedish inpatient care, regardless of private or public care provider. Hospitals reporting to the database collected per patient resource use in their administrative systems during inpatient stay. The minimum requirement is to collect resources consumed per individual in the operating theater including anesthesia, intensive care unit, postoperative care including time in recovery room and medical service use on the ward, X-ray, laboratory tests, expensive materials and pharmaceuticals.
The resource use per readmission was costed using the DRG (diagnosis related group) weight as registered in the national patient registry. That DRG-weight was multiplied by the cost of one DRG weight ($5723), as determined for Sweden according to 2016 data.
The classification of sick-leave related to the procedure was based on the same definition as for clinical effectiveness. The productivity cost per sick-leave day was calculated using the human capital approach [21] , the average monthly wage (Statistics Sweden) plus the social security and supplementary pension fees was multiplied by the per patient sick-leave days.
Statistical analysis
Baseline characteristics were compared at group level using median, inter-quartile range, mean values, standard deviation and 95% confidence intervals (CI) for continuous variables while for categorical variable frequencies and percentages were reported. The former was tested using Mann-Whitney U and the latter χ 2 test, respectively. All tests were two-sided and 5% significance level was applied.
To account for differences in baseline characteristics that could potentially affect the estimation of mean effectiveness and cost between laparoscopic and open surgery, multivariate regression methods were used. The included potential confounders were surgical technique, preoperative tumor-stage, ASA-classification (American Society of Anesthesiologists), tumor location, sex and age. Because it is the sample arithmetic mean that is interesting to decision-makers, generalized linear models (GLM) were utilized for the primary analysis. Both distributional family and link function were tested using modified Park's test [26] , Pregibon link test [27] , modified Hosmer-Lemeshow test [28] and the Copas-test [29] . To transform mean cost back to its original scale and avoid introducing covariate imbalances, recycled predictions were used for the two models estimated using GLM [22] .
As both clinical resource use and costs typically exhibit a heavily right skewed distribution, non-parametric bootstrap was used to estimate percentile-based 95% CI [30] .
The robustness of the results was explored in several sensitivity analyses. The clinical effectiveness measure was tested by including all events from 3 months and for the reminder of the follow-up instead of using predefined causes. The robustness of the cost difference was tested by varying costs per resource use category and surgical technique by 30% at a time. For both the clinical effectiveness and costs, ordinary least squares (OLS) regression was used as robustness check of the GLM.
Statistical analysis was performed using STATA ® version 14 (StataCorp, College Station, Texas, USA).
Results
After excluding preoperatively staged T4-tumors a total of 7707 patients were eligible for analysis, 6060 patients in the open surgery group and 1647 in the laparoscopic surgery group.
Key baseline characteristics are outlined in Table 1 , stratified for open and laparoscopic surgery as well as colon and rectal cancer. Median age was significantly higher in the open group than in the laparoscopic colorectal cancer surgery group, 74 vs. 72 (p value < 0.001) but not between open and laparoscopic rectal cancer surgery, 69 vs. 70 (p value = 0.067). A larger share of patients in the open colon cancer surgery group was categorized as ASA-grade three or four than in the laparoscopic colon cancer surgery group, indicating patients with more co-morbidities in the open group. There were significantly more missing data regarding preoperative T and N stages for open than laparoscopic surgery (both colon and rectal cancer).
The unadjusted measure of clinical effectiveness is presented in Table 2 . The difference in mean number of events was 0.33 (95% CI 0.23 to 0.43) in favor of laparoscopic surgery. Increased resource consuming events in inpatient care was the main contributor to this difference with 0.22 events (95% CI 0.13 to 0.30), followed by readmissions 0.07 (95% CI 0.03 to 0.11) and deaths 0.05 (95% CI 0.04 to 0.06). As can be seen in Table 3 , the adjusted mean difference between open and laparoscopic surgery was 0.23 events (95% CI 0.12 to 0.33), meaning that laparoscopic surgery patients on average had 0.23 events less than open surgery patients during 1-year follow-up.
Results regarding societal and healthcare costs associated with the two surgical techniques are presented in Table 4 .
Since number of deaths differ between laparoscopic and open surgery, costs in the primary analysis were weighted according to the method proposed by Bang and Tsiatis [23]. The difference in mean costs for the societal perspective were $6698 (95% CI 4474 to 8922) and $6513 (95% CI 4644 to 8381) for the healthcare sector, respectively, in the unadjusted analyses. Not weighting costs made little difference, $6494 (95% CI 4360 to 8628) and $6363 (95% CI 4590 to 8135) for the societal and healthcare perspectives, respectively. The difference in unweighted total cost for the index operation was $3136 (95% CI 2492 to 3781). As seen in Table 4 , resource-consuming events in inpatient care had the biggest impact on the difference in costs, $6065 (95% CI 4242 to 7887) followed by readmissions $448 (95% CI 232 to 664) and sick-leave $185 (95% CI − 914 to 1285).
Adjusting for differences between the two techniques ( Table 5 ) with regards to the potential confounders outlined in the method section, decreased the difference to $4505 (95% percentile-based CI 2257 to 6799) for the societal perspective and to $4480 (95% percentile-based CI 2739 to 6203) for the health care sector. Neither weighting the costs nor accounting for different relationships between mean and variance (GLM versus OLS) had significant impact on the results.
The results from the deterministic sensitivity analysis can be found in Table 6 . Since different regression methods did not change the results ordinary linear regression with the primary cost outcome as dependent variable was used for all sensitivity analyses. A 30% cost increase for resource consuming events in inpatient care for laparoscopic surgery Because both clinical effectiveness and costs were in favor of laparoscopic surgery, no joint analysis of costeffectiveness was warranted.
Discussion
To our knowledge, this is the first large study of routine care demonstrating that laparoscopic surgery for colorectal cancer was both more effective and less costly than open surgery in a 12-month perspective.
A recent study using Medicare data from the United States concluded that laparoscopic colon cancer surgery was associated with lower expenditures for Medicare beneficiaries [31] . However, the authors did not include rectal cancer surgery in the analysis, neither did they present societal costs for their health economic evaluation. Another large study [32] from the United States used a population-based administrative database to compare economic and clinical outcomes between laparoscopy and open surgery for different colorectal procedures. It concluded that laparoscopy was associated with lower costs and led to better clinical outcomes than open surgery. The study did not focus on colorectal cancer alone, did not study sick-leave costs, and compared charges, which is not directly comparable to cost. A European study [33] from the Netherlands studied accumulated hospital costs during 90 days after index surgery. Data was collected in a population-based database containing 29 hospitals and patients were stratified according to tumor location, ASA-grade and age. Overall, laparoscopy was significantly less costly than open surgery after colon cancer surgery but not after rectal cancer surgery. Again, only health care costs were studied and the follow-up was shorter than in the current study.
Laparoscopic surgery has previously been regarded as costlier to the healthcare sector than open surgery. Earlier studies include factors such as a steeper learning curve, conversion to open surgery and more expensive equipment. The cost difference reported in earlier studies, often RCTs, was not found in this study where we included routine care on a national basis and using a time when higher uptake of laparoscopic surgery was established. Uptake has been slow in Sweden, as can be seen in the percentage of laparoscopic surgery, varying around 20% for colon cancer and 25% for rectal cancer, when for example Denmark [34] , Australia [35] , Great Britain and Ireland [36] reached these levels some 5 years earlier. This could mean that with even higher uptake the difference in favor of laparoscopy could be larger. Resource-consuming events in inpatient care was the main contributor to the difference in mean cost. In previous studies, bowel obstruction and incisional hernia [37] and wound infection [37, 38] have been reported to be more prevalent after open than after laparoscopic surgery. Many observations on preoperative clinical T and, to some extent, N-stage were missing in open surgery group. There were also more patients with distant metastases in the open group. It is possible that it was considered less necessary with detailed preoperative assessment in patients with distant metastases.
The national registries used in this study all have high validity [19, 39, 40] . Further, there are no reasons to believe that there was a systematic bias between the surgical techniques regarding classification of ICD-10 or NOMESCO codes. In Sweden, it is mandatory by law to send information regarding inpatient care to government agencies. In addition, the national register on cost per patient has high coverage, about 75% of all episodes of care are registered.
One limitation of this study is that patients were not randomized and thus possible selection bias due to observable and unobservable differences in patient characteristics between the two surgical techniques. To correct for observable imbalance in characteristics, patients in the open colon surgery group were generally frailer than in the other groups, a multivariate regression model was utilized. The results were robust as demonstrated by different regression methods as well as in various sensitivity analyses. The unobserved characteristics might still influence the results, but it is unlikely that those would explain the entire difference across surgical techniques. Moreover, Sheetz et al. [31] found robust evidence for laparoscopic surgery being less costly than open surgery for colon cancer even after controlling for unobserved characteristics using an instrumental variables approach.
For an economic evaluation to be conclusive, the preferred outcome measure is quality-adjusted life-years (QALY), which accounts for both survival and quality of life for the remainder of patients' life. SCRCR had not yet begun collecting data regarding quality of life for the study period, i.e. estimation of QALYs was not possible. However, no study has concluded that quality of life would be worse after laparoscopic surgery than after open surgery, rather the opposite [5] . Together with the outcomes in this study, lead us to believe that such analysis would strengthen reached conclusions. Furthermore, the SCRCR did not differentiate whether the index procedure was performed using robotassisted laparoscopic or laparoscopic technique during 2013 and in order to be consistent we decided to include robotassisted laparoscopic technique in the laparoscopic group for 2014 as well, thus in the entire analysis. According to the SCRCR less than 10% of all rectal cancer prodecures in 2014 were operated on using robot-assisted laparoscopic technique. To avoid bias in cost estimates, the unit cost for the laparoscopic index procedures were applied also to the robot-assisted laparoscopic procedures performed during 2014. The costs accumulated during the 1-year follow-up are assumed to be related to type of index procedure, but it is not expected that laparoscopic and robot-assisted laparoscopic procedure for colorectal cancer would differ in resourceconsuming events or readmission during the follow-up.
In the future, it would be interesting to redo the current analysis with quality of life weights collected from the SCRCR and to increase the knowledge of which resource consuming events in inpatient care that contributed to the difference in clinical effectiveness and cost found in this study.
In conclusion, laparoscopic surgical technique can be regarded as preferable from the patient, the societal and the healthcare perspective as primary treatment for colorectal cancer, except those with advanced tumors, as clinical effectiveness and costs were favorable compared with open techniques and other trials have reported no significant differences in long-term oncological outcome.
